Age-related macular degeneration (AMD) is a leading cause of visual impairment in the developed world. The disease manifests itself by the destruction of the center of the retina, called the macula, resulting in the loss of central vision. Early AMD is characterised by the presence of small, yellowish lesions called soft drusen that can progress onto late AMD such as geographic atrophy (dry AMD) or neovascularisation (wet AMD). Although the clinical changes are well described, and the understanding of genetic influences on conferring AMD risk are getting ever more detailed, one area lacking major progress is an understanding of the biochemical consequences of genetic risk. This is partly due to difficulties in understanding the biochemistry of Bruch's membrane, a very thin extracellular matrix that acts as a biological filter of material from the blood supply and a scaffold on which the retinal pigment epithelial (RPE) cell monolayer resides. Drusen form within Bruch's membrane and their presence disrupts nutrient flow to the RPE cells. Only by investigating the protein composition of Bruch's membrane, and indeed how other proteins interact with it, can researchers hope to unravel the biochemical mechanisms underpinning drusen formation, development of AMD and subsequent vision loss. This paper details methodologies for enriching either whole Bruch's membrane, or just from the macula region, so that it can be used for downstream biochemical analysis, and provide examples of how this is already changing the understanding of Bruch's membrane biochemistry.
Introduction
The use of post mortem human eye tissue in ophthalmic research is an invaluable resource for the understanding of eye disease pathogenesis. Analysis of human donor eyes has made important contributions to discerning the mechanisms underpinning age-related macular degeneration (AMD), which is the leading cause of blindness in the western world 1 . Globally, AMD accounts for approximately 8.7% of all blindness and with an increasingly aging population, it is predicted to affect 196 million people by 2020 2 . AMD results in the loss of central vision and has a profound impact on patient independence and quality of life 3 . Early AMD is characterised by the formation of drusen and it can progress to geographic atrophy (sometimes referred to as 'dry' AMD), or choroidal neovascularization (also referred to as neovascular or 'wet' AMD). Whilst anti-VEGF injections can stabilise or improve vision in neovascular AMD it is not curative, and at present, no treatment exists for geographic atrophy.
Whilst certain genetic variants have been shown to modify AMD risk [4] [5] [6] [7] [8] , less is known about how these variants affect the macula at a biochemical level. An important site in AMD pathogenesis is Bruch's membrane. Drusen form within this structure and various studies have provided evidence of complement activation in and around Bruch's membrane in AMD 9 . Bruch's membrane is a sheet of extracellular matrix that separates the retinal pigment epithelial (RPE) cells from the choroid, and is approximately 4 µm thick. Bruch's membrane merges into the choriocapillaris, a layer of the choroid that contains fenestrated capillaries and external to this are layers containing larger blood vessels 10 ( Figure 1A) .
Bruch's membrane is a pentilaminar sheet of extracellular matrix (ECM), and this methodology details how to isolate Bruch's membrane, along with the ECM of the underlying choriocapillaris (henceforth referred to enriched Bruch's membrane), which is largely decellularized and free from red blood cells. Enriched Bruch's membrane was then used for western blotting and histology experiments. Furthermore, methodology for enriching Bruch's membrane solely from the macula region of the eye is described, which will be of particular interest to those investigating the biochemical aspects of AMD. 4. Holding one quadrant of flattened eyecup using tweezer A (to prevent choroid detachment), use the larger tweezer B to grip the vitreous and underlying NSR and pull this tissue away from the retinal pigment epithelium (RPE) starting at the periphery, moving towards the center of the opened eyecup and then to the opposing side. Usually, but not always both vitreous and NSR detach as one. Use the scalpel to excise any residual NSR anchored at the optic disc. 5. Again, whilst holding one quadrant of tissue in place using tweezer A, use the sterile cell scraper to gently dislodge the RPE monolayer from the entire inside surface of the eyecup. These cells readily detach and can be seen as dark brown-pigmented clumps. Rinse with PBS to gently wash away dislodged RPE cells from the eyecup. 6. Next, use tweezer A to gently peel off the overlying dark red tissue (comprising both Bruch's membrane and the choroid) from all 4 eye quadrants. Place the excised tissue into a clean dish. 7. Using the flattened edge of one cell scraper to hold the excised tissue in place, use the second scraper to gently scrape the tissue. Turn the tissue over and repeat, removing as much excess material as possible. Eventually, a translucent membrane will remain: this is the crudely enriched Bruch's membrane. The use of the dissecting microscope at a minimum of 20X magnification is essential in aiding the removal of choroid and enrichment of Bruch's membrane. 8. Using a Pasteur pipette, briefly rinse the Bruch's membrane with ultrapure water to remove residual choroid and blood before placing the membrane into a 1.5 ml microcentrifuge tube. 9. Suspend the enriched Bruch's membrane in approximately 1 ml ultrapure water and vortex briefly (approximately 15 sec) to help lyse any contaminating cellular matter (see Figure 2 ). Centrifuge the sample at 500 x g for 30 sec to pellet the membrane and aspirate off the supernatant. Note: The remaining enriched Bruch's membrane is now ready for solubilization (as described in section 2 below) or storage at -80 °C for use later.
Solubilization of Whole Enriched Bruch's Membrane and Western Blot Analysis
1. Extract protein from enriched Bruch's membrane by immersing the tissue in 500 µl 8 M urea for 6 hr at RT in 1.5 ml microcentrifuge tubes ( Figure 3A ). 2. Centrifuge solubilized samples at 10,000 x g for 10 min to pellet any remaining extracellular matter. Remove the supernatant and transfer it to 3,500 Da MWCO dialysis membrane, then place the sample in 1 L of PBS to dialyse for 16 hr at 4 °C. 3. For each sample, add 40 µl of protein isolation beads, and rotate sample/bead mix (20 rpm on a rotating mixer) at RT for 30 min. 4. Centrifuge samples at 10,000 x g for 5 min to pellet the beads. Remove supernatant and solubilize protein bound to beads in 30 µl 2x sample loading buffer (65.8 mM Tris-HCl, pH 6.8, 2.1% SDS, 26.3% (w/v) glycerol, 0.01% bromophenol blue, 3% β-mercaptoethanol). 5. Incubate the samples at 100 °C for 10 min, and then centrifuge at 10,000 x g for 5 min to pellet the remaining beads. 6. Load the supernatant that contains the released proteins on to a pre-cast SDS-page gradient gel (see materials list) for protein separation. 7. Visualize separated protein bands using a common staining protocol, e.g., Coomassie blue.
1. In brief, add 20 ml of the brilliant blue stain (0.1% brilliant blue (w/v), 50% methanol, 10% glacial acetic acid, 40% water) to the gel, and incubate for 30 min at RT with gentle agitation. 2. Discard the staining solution and wash the stained gel with deionized water until background staining is sufficiently reduced to allow stained protein band visualisation. 3. Alternatively, transfer separated protein bands to nitrocellulose for western analysis, as described below. The macula region of the retina is a 5 mm area that can be readily identified by the yellow colouration of the overlying fovea, and its proximity to the adjacent optic disc. Using the fovea as a guide, place a 6 mm biopsy punch on the flat mounted human eye to excise a 6 mm macula tissue block. Remove the overlying NSR and scrape off RPE cells from the excised macula. The remaining Bruch's membrane/choroid complex can then be peeled away from the sclera and thoroughly scraped to remove choroid, lyse remaining cellular material by submersion in ultrapure water. Please click here to view a larger version of this figure.
Discussion
Here we describe the enrichment of Bruch's membrane for further analysis allowing subsequent analyses including western blotting 11 , mass spectrometry and the diffusion properties of Bruch's membrane utilising modified Ussing chambers 11, 14 . Critical steps include a) the thorough scraping and washing of the inner surface of the eye to remove all RPE cells b) the repeated and careful scraping of the underlying choroid without causing the Bruch's to disintegrate and c) washing of the excised Bruch's in ultrapure water to ensure lysis of residual cells. Furthermore, if the enriched Bruch's membrane is to be utilized for proteomic analysis, protein extraction by urea treatment is the most effective in breaking down this resilient tissue as compared to other methods such as mechanical homogenisation. Histology of enriched Bruch's membrane indicates the ECM of the choriocapillaris is not removed. This is to be expected as the outer layer of the pentilaminar Bruch's membrane is formed by choriocapillaris endothelial cell basement membranes. Indeed it may be advantageous that the ECM of the choriocapillaris remains as changes occur in this in AMD including the deposition of terminal complement complex/membrane attack complex (MAC) 15 . It should be noted that for detailed histological analysis of Bruch's membrane, its structure would be better preserved if sectioned in the presence of sclera, choroid, and Bruch's membrane. Indeed, the histology presented in Figure 2 is solely intended to demonstrate the degree of enrichment resulting from the technique described in this manuscript.
Enrichment of macular Bruch's requires careful dissection of the eyecup, ensuring that the NSR and particularly the fovea are not damaged; otherwise identification and thus isolation of the macula are not possible. The integrity of the tissue is also important to this process and it is therefore recommended that samples under 48 hr post-mortem time be used. The degree of enrichment required varies between donors and can be affected by donor age, post-mortem time, and the presence of any eye pathology. The use of the term enriched is deliberate in acknowledging a limitation of the technique, this being that 'purification' or 'isolation' of Bruch's membrane using this method simply is not possible. Indeed, given that the ECM of the choriocapillaris merges into Bruch's membrane there complete separation is not feasible.
Understanding the biochemical changes of the respective ocular tissues is essential in understanding eye disease progression. This unique enrichment of Bruch's membrane facilitates this understanding; ongoing studies are investigating the proteome of enriched macular Bruch's membrane using mass spectrometry at different stages of AMD and in samples originating from subjects with different genotypes to improve understanding of the molecular pathology of AMD. Already the technique described here has been used to successfully identify FHL-1 as the
